A Ai im m o of f t th he e s st tu ud dy y: : The basic uses of C-reactive protein (CRP) and procalcitonin (PCT) in clinical practice are in the diagnosis and follow-up of infectious disease. The fact that CRP already achieves high levels in cases with lung cancer, however, limits its diagnostic specificity. Procalcitonin may be an important marker in the differential diagnosis of lung cancer patients who have fever and high CRP levels. Our objective in this study was to determine the levels of CRP and PCT in patients with newly diagnosed noninfectious non-small cell lung cancer (NSCLC) and to relate these results to patient and disease characteristics. M Ma at te er ri ia al l a an nd d m me et th ho od ds s: : Serum CRP and PCT levels were measured in 79 histopathologically proven NSCLC patients and 20 healthy controls. Results were compared with demographic and clinical variables in patients with NSCLC. R Re es su ul lt ts s: : Serum CRP concentrations were significantly higher in NSCLC patients compared to the control group [38.30 (7.79-185) mg/dl vs. 7.79 (3.36-26.10) mg/dl; p < 0.001]. There was no significant difference between the two groups in PCT levels (p > 0.05). A mild, positive correlation was found between CRP level and tumor diameter. When comparing CRP levels in the lung cancer patients grouped according to age, sex, smoking status, clinical TNM staging and performance status (PS), the only significant difference found was that for PS score. C Co on nc cl lu us si io on ns s: : High serum CRP levels in non-infectious NSCLC patients are mainly related to PS status and weakly to tumor size. Adding serum PCT measurement may contribute to exclusion of infections in patients with NSCLC. K Ke ey y w wo or rd ds s: : C-reactive protein, procalcitonin, non-small cell lung cancer, inflammation.
Introduction
C-reactive protein (CRP) is an acute-phase protein produced mainly by hepatocytes in the presence of inflammation. C-reactive protein levels are often used as a marker of inflammation in different acute and chronic diseases [1, 2] . Lung cancer patients very frequently encounter infection during the course of their disease; for these patients infection is among the foremost causes of morbidity and mortality [3] . Therefore, starting empirical antibiotic treatment as soon as possible when infection is suspected is vital for these patients. Such a situation creates a need for sensitive diagnostic markers. The fact that CRP already achieves high levels in cases with lung cancer [4] , however, limits its diagnostic specificity. While CRP has, however, lost some of its diagnostic value as far as cancer patients are concerned, its predictive and prognostic relevance in patients with lung cancer has been increasingly evidenced during the last few years. A correlation of CRP levels with patient and disease characteristics, especially with tumor size and lymphovascular invasion, has been established in patients with non-small cell lung cancer (NSCLC) [4, 5] . C-reactive protein levels were found to be prognostic both in operated early-stage patients and those receiving chemotherapy [4, 6, 7] .
Procalcitonin (PCT), a precursor of the hormone calcitonin, participates in the systemic reaction in response to the circulating endotoxins and inflammatory cytokines produced during bacterial or fungal infections [8] [9] [10] . Its plasma levels are correlated with the severity of infection [11] . Procalcitonin has been shown to be important in the differential diagnosis of cancer patients with fever and high CRP levels [12, 13] . On the other hand, a recent study found PCT concentrations at levels compatible with sepsis in patients with cancer at advanced stages [14] . This creates a doubt concerning the role of PCT in the diagnosis of infection in cancer patients.
We are not aware of a study of the simultaneous measurement of both CRP and PCT levels in NSCLC patients, whose clinical course may frequently be complicated by infection. Our objective in this study was to determine the levels of CRP and PCT in patients with newly diagnosed non-infectious NSCLC and to relate these results to patient and disease characteristics, in order to allow an evaluation of the potential role of these two inflammation markers in the diagnosis of infectious complications of NSCLC.
Material and methods
Between September 2009 and July 2010, 79 patients diagnosed with NSCLC in the Chest Diseases Department and 20 apparently healthy control subjects were included in this prospective study. The study was approved by the Selcuk University Meram Medical Faculty Ethical Committee; all patients and healthy volunteers provided written informed consent prior to their participation. Subjects with the following conditions were not included in the study: history of inflammatory disease that may modify CRP and PCT levels, clinical suspicion or laboratory signs of bacterial or viral infection, fever of unknown origin, chemotherapy, radiation therapy or any history of either, use of anti-inflammatory drugs or systemic steroids.
All study patients were evaluated by X-ray and CT scan of the chest following medical history and physical examination. The patients underwent bronchoscopy for purposes of histological diagnosis and staging. Diagnosis was obtained by transthoracic needle aspiration in those cases in which bronchoscopy had failed to provide it. Further staging examinations were fluorodeoxyglucose positron emission tomography (FDG-PET) and brain MRI scan. Patients who could not undergo PET-CT were examined by abdominal CT scan and bone scintigraphy. The age, sex, body mass index (BMI) and concomitant diseases of the patients were recorded, as well as their performance status (PS) on the Eastern Co-operative Oncology Group (ECOG) scale [15] . Definition of ECOG performance status is as follows: 0 -Fully active, able to carry on all pre-disease performance without restriction; 1 -Restricted in physically strenuous activity but ambulatory and able to carry out work of a light or sedentary nature, e.g., light house work, office work; 2 -Ambulatory and capable of all self-care but unable to carry out any work activities. Up and about more than 50% of waking hours; 3 -Capable of only limited self-care, confined to bed or chair more than 50% of waking hours; 4 -Completely disabled. Cannot carry on any self-care. Totally confined to bed or chair; 5 -Dead.
C-reactive protein and procalcitonin level determinations
Peripheral venous blood was obtained under sterile conditions both in patients with a confirmed histological diagnosis of NSCLC and the healthy controls. Serum was separated by centrifuging for 10 min at 1,000 × g and 4°C in vacuum gel tubes, and then kept at -80°C in Eppendorf tubes until the time of assay. All samples were assayed on the same day.
The serum level of PCT was measured by using an enzymelinked fluorescence assay (VIDAS® BRAHMS PCT assay; Biomérieux, Lyon, France) according to the manufacturer's instructions and serum CRP levels were assayed by nephelometry using an automated system (Dade Behring).
Statistical analysis
The Mann-Whitney U test was used to compare the patient and control group values of CRP and PCT, given that these values were not normally distributed. The linear correlation of CRP level with tumor diameter was evaluated by its Spearman correlation coefficient. For NSCLC patients, the comparison of variables between subgroups defined by different patient or tumor characteristics was performed using the Kruskal-Wallis or the Mann-Whitney U tests.
A p-value of 0.05 or lower was accepted as statistically significant.
Results
No significant difference was established between the study patient and control groups with regard to age, sex, BMI or smoking habit ( Table 1) . The NSCLC study patients were mostly male (70 men vs. 9 women). While 10 of the patients had never smoked, the 69 others were active smokers. The histological tumor type was defined as squamous cell in 51 cases, adenocarcinoma in 15 and broncho-alveolar in 1, while 12 were described as unclassified NSCLC. Clinical staging results indicated that an important proportion were locally advanced or metastatic (10 classified as operable and 69 inoperable) ( Table 1) . A PET-CT had been requested for staging of 64 patients; their average SUVmax value was 12.79 (range 3.04-80.6).
Serum C-reactive protein levels
Serum CRP concentrations were significantly higher in NSCLC patients compared to the control group [38.30 (7.79-185) mg/dl vs. 7.79 (3.36-26.10) mg/dl; p < 0.001] (Fig. 1) . A mild, positive correlation existed between CRP level and tumor diameter (Fig. 2) .
When comparing CRP levels in the lung cancer patients grouped according to age, sex, smoking status, clinical TNM staging and PS, the only significant difference found was that for PS score. While the median CRP value in patients with Table 2) .
Serum procalcitonin levels
Procalcitonin values were 0.01 (0.01-3.41) ng/ml in the NSCLC patient group and 0.01 (0.01-0.30) ng/ml in the control group, with no significant difference (p > 0.05). While median values in both groups were below the 0.5 ng/ml cutoff value accepted for PCT, only 2 patients in the NSCLC group had a PCT concentration above 0.5 ng/ml. No significant differences were evidenced when comparing the PCT concentration values of NSCLC patients according to different patient characteristics and tumor stages.
Discussion
In this prospective study of serum CRP and PCT levels in non-infectious NSCLC patients and apparently healthy control subjects, the CRP levels were significantly higher in the NSCLC patients, while no such difference was detected for the PCT concentrations.
Serum CRP levels are elevated in various acute and chronic inflammatory states, which have been closely linked to the pathogenesis of malignant diseases as pro-inflammatory cytokines, stimulating CRP production, have been involved in carcinogenesis [16] . Serum CRP levels have been studied for their significance in various human malignancies, both as a risk factor and as a prognostic parameter [17] [18] [19] . High CRP levels in NSCLC patients are hypothesized to be a possible negative prognostic factor in both advanced and operable patients [4, 6, 7] . Jones et al. [4] have shown a positive correlation of pre-operatory CRP values with both tumor dimensions and pathologic T stage in NSCLC. This report also indicates that high CRP levels were also related to the inability to achieve complete resection, which could indicate the usefulness of CRP determination in selecting patients for thoracotomy. In another study, Lee et al. [5] determined a correlation between pre-operatory CRP concentration and the degree of lymphovascular invasion, the latter being an important factor in disease progression. In our study the correlation established between CRP serum levels and tumor size is compatible with the published reports although it is a weak correlation with a coefficient of r = 0.249. Performance status and tumor stage are the two principal prognostic factors in NSCLC in addition to genetic influences [20, 21] . While CRP level showed no correlation with clinical stage in our study, it was found to be significantly elevated in patients with poor PS. It is known that in NSCLC there is a poor correlation between clinical TNM stage and pathological stage [22, 23] ; in our study, however, detailed postoperative data to evaluate it were not obtainable because the patients were treated in different facilities. The fact of having only clinical tumor staging for NSCLC in our study, in contrast to other publications, represents an important limitation for our study. The proportion, however, of operable patients in our study (10 out of 79 patients) was much lower than that reported in articles which found a correlation between CRP and post-operative pathologic stage. A recent study by Wilop et al. [24] suggests that CRP measurements before and during treatment may provide prognostic information. That publication, like our study, failed to establish a significant correlation between pre-treatment CRP levels and stage, histological type, sex, age or BMI.
It is generally known that FDG-PET performed during diagnosis contributes both to staging and to prognostic evaluation. It was shown in particular that patients with low FDG uptake survive longer than those with high uptake [25, 26] . We could detect no significant correlation between the FDG-PET SUV max value and CRP levels. While the addition of FDG-PET to the staging methods in NSCLC has brought progress to the N staging, the change has been less marked as far as the T stage evaluation is concerned [27] [28] [29] .
The basic use of CRP and PCT in clinical practice is in the diagnosis and follow-up of infectious disease. Several studies have shown superiority of PCT over CRP in the diagnosis and follow-up of sepsis [30, 31] . In addition there are reports that indicate superiority of PCT in the diagnosis of infectious complications of oncological diseases. Schüttrumpf et al. [12] found no difference in the mean CRP levels of infectious and non-infectious hemato-oncology patients. The same report found a significantly higher PCT concentration in infectious patients when compared to all others. Similarly, Penel et al. [32] retrospectively evaluated the differential diagnostic value of PCT and CRP levels for infection vs. paraneoplastic fever in 254 febrile episodes in cancer patients. While there was an appearance of a higher PCT level in infectious (3.53 ng/ml) than in paraneoplastic fever (0.74 ng/ml) patients, such a difference was not confirmed as statistically significant. In another, recent study [33] using FDG-PET in addition to clinical parameters to exclude infection, PCT levels were measured in 390 non-infectious patients with visceral solid tumors; all patients showed levels under 0.5 ng/ml. Considering the high economic burden of late diagnosis of infectious complications in cancer patients, these studies may seem to warrant examining both CRP and PCT levels in parallel.
There are also published reports which raise doubts by showing that PCT, like CRP, can be elevated due to malignancy. Ghillani et al. [34] found increased calcitonin precursor levels compared to healthy subjects in, respectively, 17.5%, 53% and 29% of patients with squamous cell cancer, large cell cancer and adenocarcinoma. Another study in 43 patients with solid tumors and 15 healthy controls indicated a PCT increase parallel to cancer stage, the highest levels being found in those with generalized cancer [14] . We think, however, that the mixed origin of the disease in these cases, which include cancers of the breast, lung, urogenital system, carcinoma of unknown origin and others, added to the fact that patients were undergoing chemotherapy, could have modified PCT levels. In our patient population, however, which consisted of patients with a recent, first diagnosis of NSCLC, the patients had PCT levels within normal limits and no difference was found after their grouping according to operability.
Infections are encountered in the course of approximately 1/3 of lung cancer patients; they may significantly shorten survival [35] . The difficulties in diagnosing infection in this group of patients are well known. Radiological as well as microbiological methods can be insufficient for infection diagnosis. Another problem related to the relationship between lung cancer and infection is the inability to diagnose an underlying cancer in the presence of pneumonia. The regression of post-pneumonia opacities can take several weeks, and such opacities may hide a lung cancer. Soyseth et al. [36] found that the incidence of lung cancer in patients who had been hospitalized with pneumonia was significantly higher than in the general population. This shows that sensitive diagnostic methods are needed as much for cancer in pneumonia patients as for infection in cancer patients. The fact that PCT levels in non-infectious lung cancer patients in our study were low, similar to those of the control group, may give hope for the potential usefulness of PCT determinations in the above-mentioned clinical situations. One more limitation of our study was the presence in it of only non-infectious NSCLC patients, i.e. the absence of infectious patients.
The cut-off level generally indicated for PCT levels is 0.5 ng/ml. The use of this cut-off in certain patients has, however, shown a low measurement sensitivity. Polzin et al. [37] reported that while serum PCT levels were significantly higher than the control in patients with hospital-acquired or community-acquired pneumonia and acute exacerbation of chronic bronchitis, they all remained below the suggested cut-off level of 0.5 ng/ml. This report also indicated that a serum PCT under 0.245 ng/ml could exclude pneumonia with 91% probability. We believe that the fact that the PCT level of our NSCLC patient group [0.01 (0.01-3.41) ng/ml] remains far below this point represents a significant finding.
In conclusion, high serum CRP levels in non-infectious NSCLC patients are mainly related to PS instead of infection. Therefore we think that adding serum PCT measurement in cases of NSCLC may contribute to exclusion of infections in patients who were diagnosed, and put under empirical antibiotic therapy, following CRP level and radiological findings only. However, studies including infectious NSCLC patients within a similar design will be helpful in clarifying this situation.
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